Comments on Brugger and others (2018) 'A quantitative comparison of microfossil extraction methods from ice cores'
INTRODUCTION
In their paper 'A quantitative comparison of microfossil extraction methods from ice cores', Brugger and others (2018) present a comparative evaluation of six pollen extraction protocols from ice samples, by assessing the effects of three types of water reduction procedures: (i) evaporation (Liu and others, 1998 (Liu and others, , 2005 (Liu and others, , 2007 Yang and others, 2008; Brugger and others, 2018) , (ii) filtration (Short and Holdsworth, 1985) and (iii) centrifugation (Eichler and others, 2011; Festi and others, 2015) . To quantify the differences among protocols, the authors applied a 'double marker approach', which consists of adding a known amount of Lycopodium marker spores at the beginning of the laboratory process, and a second marker (Eucalyptus pollen) at its completion. By doing so, the amount of Lycopodium loss during the procedure can be quantified based on the resulting Lycopodium/Eucalyptus ratio. In principle, the estimated loss in Lycopodium should reflect the eventual reduction in the quantity of microfossils originally contained in the sample, hence enabling an estimation of the total microfossil loss occurred during the extraction process. Furthermore, Brugger and others (2018) calculated for each extraction method the coefficient of determination (R 2 ) based on the Lycopodium and Eucalyptus values obtained after sample treatment, and used it as a measure for loss variability. Based upon these Lycopodium-Eucalyptus statistics, i.e. Lycopodium/Eucalyptus ratios and derived Lycopodium loss percentages and R 2 , a quality ranking of the extraction methods was compiled by the authors.
Here, we re-evaluate the Brugger and others (2018) approach, based on the fact that already O'Rourke (1986) demonstrated that Eucalyptus tablets are unreliable, because of deficient pollen content. Following up on O'Rouke (1986) results, we present evidence that the Eucalyptus tablets do feature inaccurate pollen concentrations, and are therefore suboptimal for all quantitative comparisons of microfossil extraction methods.
METHODS
First of all, we tested the reliability of the Eucalyptus and Lycopodium marker tablets used by Brugger and others (2018) . The Lycopodium tablets (batch #3862) were purchased in October 2015 from the Lund University, Department of Geology, Lund, Sweden, while the Eucalyptus tablets (batch #106720) were acquired in 1980/81 from the Department of Quaternary Geology, University of Lund, Lund, Sweden (S. Bortenschlager, pers. comm.). Both Lycopodium and Eucalyptus batches are exactly the same that Brugger and others (2018) used in their comparative analyses.
To test the reliability we mixed one Lycopodium tablet and one Eucalyptus tablet in a sample tube. A total of 20 samples of such Lycopodium-Eucalyptus pairs were dissolved in 10% HCl, following standard procedures (Moore and others, 1991) . No washing with H 2 O and no centrifugation/decantation were done to avoid any loss of markers. The suspensions were then mounted on microscopic slides, and at least 1000 grains (Lycopodium + Eucalyptus) were counted at 400× magnification (Olympus BX50). The results were compared to the expected Lycopodium/Eucalyptus ratio (0.66-0.78) (Brugger and others 2018) . The expected range of the ratio is based on the mean values and std dev. given for Lycopodium batch #3862 (9666 ± 671) and Eucalyptus batch #106720 (13 500 ± 210).
RESULTS AND DISCUSSION
Contrary to Brugger and others (2018) , our analysis revealed that, based on a total pollen sum of 1000 marker grains, the Lycopodium/Eucalyptus ratio varied between 0.52 and 0.81. Specifically, in 40% of the samples (eight out of 20), the Lycopodium/Eucalyptus ratio was outside the expected ratio of 0.66 to 0.78 ( Fig. 1 ). This firmly indicates that at least one of the two marker types cannot unequivocally be used for quantitative studies.
The deviations from the expected ratio are caused by inconsistent pollen content in the Eucalyptus tablets (batch #106720), since Lycopodium tablets (batch #3862) are standardized and quality checked (http://www.geology.lu.se/services/pollen-tablets). It has been known for some time (O'Rourke, 1986 ) that Eucalyptus tablets (batch #106720), as used by Brugger and others (2018) , have deficiencies. O'Rourke (1986) studied atmospheric pollen content in the years 1981 and 1982 using sequentially collected Tauber traps located at Tumamoc Hill (Tucson, Arizona, USA), and found strong discrepancies in the annual pollen accumulation rates, i.e. ∼24.000 pollen cm −2 in 1981 and ∼4100 pollen cm −2 in 1982. The author stated that a pollen accumulation rate of 3.000-4.000 pollen cm −2 a −1
, similar to the 1982 value, is accurate for Tumamoc Hill, whereas the 1981 value is an order of magnitude higher (O'Rourke, 1986, p. 108) . According to the author, the discrepancy in the pollen accumulation rates is due to the use of different batches of tracers. In this regard O'Rourke (1986, p. 108) stated: 'The 1981 samples were calibrated using Eucalyptus (batch #106720), whereas the 1982 samples were calibrated using Lycopodium (batch #201890); both products were purchased from Berglund and Perrson, Department of Quaternary Geology, University of Lund, Lund, Sweden. Robert Thompson used both tracers in 20 samples from the Ruby Marshes and found that Lycopodium:Eucalyptus ratios varied from 0.3 to 1.8. He attributed the differences to inconsistent pollen concentration in the Eucalyptus tablets (Thompson pers. comm.). Eucalyptus tablets were calibrated using Jørgensen's (1967) technique. Jørgensen (1967, p. 439) described the reliability of his technique as follows: 'Hard-earned experience has taught me that reliable results depend on clean and careful work ….' Lycopodium tablets were calibrated using an electronic particle counter (Stockmarr, 1973) , and these results appear more reliable'.
We analyzed 20 Lycopodium-Eucalyptus samples, rather than the ten analyzed by Brugger and others (2018) , and our results are more consistent with those of O'Rourke (1986). Our findings suggest that the results of Brugger and others (2018) are likely to have been affected by the faulty Eucalyptus tablets (batch #106720). In particular, it is likely that: (i) Lycopodium/Eucalyptus ratios and derived Lycopodium loss percentages are incorrect, (ii) Lycopodium-Eucalyptus derived R 2 values and (iii) TukeyKramer post-hoc test for the marker ratios are incorrect. Therefore, the conclusions drawn by Brugger and others (2018) concerning the quality ranking of the six tested ice pollen extraction methods, which are based on erroneous Lycopodium/Eucalyptus statistics, need to be corrected using high-quality markers.
A second issue discussed by Brugger and others (2018) deals with the finding that samples obtained by multiple centrifugation and decantation (i.e. Festi-and Eichler protocols) show statistically significantly lower values in vesiculate pollen percentages compared with samples obtained by evaporation or filtration (i.e. Brugger-, Liu-, Short-and Yang method; see ANOVA Fig. 3 in Brugger and others, 2018) . According to Brugger and others (2018) and in our experience, vesiculate pollen loss potentially increases with the number of centrifugation steps. We do not disagree on this fact, but we are surprised that Brugger and others (2018) chose to modify the extraction protocol by Festi and others (2015) in a substantial way. Festi's original protocol was modified by Brugger and others (2018) in at least two crucial points: (i) the number of centrifugation steps and (ii) type and size of centrifugation tubes used. The modification of Festi's method inevitably led to a higher loss of vesiculate pollen for the following reasons:
Ad (i) number of centrifugation steps
The extraction protocol used by Festi and others (2015) was developed for ice samples of very small volume in the frame of the project 'PAMOGIS-Pollen analyses of the Mt. Ortles ice samples', where a high number (∼1850) of very small ice samples from the Alto dell'Ortles glacier ice core were processed for pollen analysis. As the average volume of the Ortles ice samples is ∼30 mL, at the beginning of the treatment, only one single centrifugation step was necessary to reduce the ice water to a 12 mL test tube with the original Festi method.
By changing our protocol, Brugger and others (2018) performed ten additional centrifugation/decantation steps to reduce the volume (370-400 mL). As the number of centrifugation steps is crucial for microfossil losses (Brugger and others 2018) this modification of the Festi protocol inevitably leads to a higher loss of vesiculate pollen.
Ad (ii) type and size of centrifugation tubes used
We operate exclusively with special pointed 12 mL sample tubes made of glass. The pointed ends of these tubes are characterized by an acute angle of 30°, resulting in strong capillary forces at the bottom of the tube. Consequently during centrifugation, tiny stable pellets (pollen, dust, micro-charcoal, etc.) sediment at the bottom. In addition, capillary forces ensure that a stable liquid column (supernatant) persists in the tube tip during decantation, further preventing a larger loss of the settled material.
Brugger and others (2018) conducted our method in different 50 mL tubes with considerable more (ten) centrifugation/decantation steps. In our experience, all available types of the 50 mL centrifugation tubes are unsuitable for the centrifugation of suspensions with low pollen concentration, such as melted ice, because the morphology of their bottom part facilitates the complete removal of the supernatant, which in turn increases the probability for pollen loss during decantation. This negative effect is clearly amplified when treating samples characterized by extremely low pollen/dust/particle content.
CONCLUSION
Our results confirm O' Rourke's (1986) findings that Eucalyptus tablets batch #106720 show inconsistent pollen concentrations. In fact, in 40% of the Lycopodium/ Eucalyptus samples analyzed, there is a pronounced deviation from the expected ratio, which can lead to distinctly faulty results. We strongly recommend that, if laboratories have these tablets batch still in stock, they should no longer be used for statistical purposes in pollen analysis. Consequently, the results of the quantitative and qualitative assessment of different pollen extraction methods from ice samples reported by Brugger and others (2018) 
